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SOME FACTORS AFFECT1N(; THE COOKIX(i 
OF DHOLL {CAJANUS IXDICJJS). 


RY 

B. MBWAXAT7F 

T. BAKSHMANA BOW. B.A., 

AXP 

B. A. BAr;Tn’XATnAS\VAMi AVYAXOAB. I). A., 

. ls-,sv.v/^ni/,v /o fhr (^orfruyiirtii AfjrUulhnril (']if’7rni<f . Marlras. 

BcB ^rani <>v Pigeon pea {('ajtnms nnhcii-A is extensively cnlTivateil in 
India as a fnod-emp and is ia\^arded as tliinl in raiik ul inijiditance anu»nt!;t]iv 
leguminous seeds.’ Unlike peas and some other 'neans which are cooked 
iijrceu, the red gram is cut after it is ri])e and allowed to dry in the sun. Tin- 
seeds are afterwards luokeu into dholl. the hvi.sk renio\ed. and thvai c.mtked. 

Ill Soutlieru India tlie gram seeds, alter drying, are first mixed with red 
i^artli and water and allowed to stce]> for one night and then dried in the sun 
hefore being broken into dholl. For use as food this dholl is boiled in water 
and afterwards eaten in conjunction with other foodstuils such as rice and 
vcgetaliles. In the South Indian dietary it is tliis pulsi' which is chiedy 
lependod upon by vegetarians to increase the nitrogenous content of rice- 
;oods. 

The cooking qualities of different dliolls vary considerably, some rerpuring 
oiig continued boiling to roach the desired stage whilst otliers cot>k quickly 
md the object of the purchaser is naturally to ac<pure the latter type. Apart 
;rom the cooking <jualities of ditferent dholl varieties it is a point of general 
relief that the quality of the water used for boiling has a considerable effect 
ipon the rate of cooking and it is mainly witli this aspect o\ the ease that the 
jxperimouts detailed in the following pages are concerned. 


1 Watt. Products of IndUu 1008 
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III (letoiiniiiiiig tlio vaiiou^s [iU‘tnrs ailci-t tho rate of (‘ookiug of 

(llioil it is of roiirso iiit possible to cxaiuinc all ] possibilities aud this (airpiivy 
has been liimtcd to tlic following : — 

1. The efet of the eonipositioii (pf the water uixpu the rate ol 
cooking. 

II. (o). The inllueiu'e of the fat (aputeut on tlie rate (pf cooking. 

[h). DilTerenocs in the rates of cooking due to variety. 

(c). Differences in the rates of cipoking due t(p mothwls (pf 
preparing the dholl. 

III. The influence of various salts (pu the licjuefaction of stareli. 


PART I. 

The Effect of the Compostttox of the W.\ter hpon the . 

Rate of Cookino. 

Before undertaking a detailed enquiry upon the effect of the different 
salts usually found in South Indian waters upon the rate of cooking, it was 
deemed desirable to ascertain whether or lupt the rate ot cooking varied witli 
waters of diflerent composition. For this purpose water (pf very different 
quality derived from five sources w'as used. The composition (pf these waters 
is shown below ; — 


Table T 


Showing the com'posiiion oj the variovs wafer.^ fahn for experiment. 
{Paris per 100,000) 


Name oC well 


Joseph’s well 

No. 57 well 
(’ollege well 

Dwaraha well, Maflrap . 
Kaladmdy Kavu drain 
water, Kistna 



i 12*49 ;C*0ei 1*40 

I 41*04 :»)*!i2| 

i 33-02 4*22: 

: 15*01 8*41 

I 12*01 59*00 



48*10 

*i9*47 

56*23 

06*00 


o 

r.^ 

Q 

o o 

W) « 

S Vi 

« r— 

" c 

1*82 


1 .. i 6-35 

38-0 



4*84! 135-19 ' 

•264-0 



4*72| 89*03 

160*0 



41*971 285-62 

1 

560*0 



137*00j 928*00 

122.5*0 
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111 testing tlic oilVct of t (lilloiciit waters tlje ^jrt>ee(hir(‘ loll<iW(>(l was 
()[ ii purely empirical cha7acier, Tlio dlioll iisetl wjis obtained Iroiu t In^ ( 

Fanil, Coimbatore, and was eaieluliy soitiMl out so as to eexelude all l>ad or 
damaged ones, and in addition was passed tlirougli a t m.in. sieve so as to 
obtain a sample of approximately uniform size. Twenty grammes w’ere added 
to *250 c.c. of water contained in a beaker and the wliole b(»ile(l until the 
cookin" was judged to bo complete. During this process care was taken to 
maintain the water at; the same constant level and tor the sake t>f comparison 
an experiment wms carried (uit witli distilled water. The dholl was judged 
to be properly cooked when it could be easily erushed between tlie fingers. 

The timas taken to cook the dholl liy the different waters were as folk* w 

IMsTillcd water 
Joseph's vvell 
College W('!l 
Xn. TjT well 
Dwaraka well 
IvalaclindT 'Irnin wntn 

There can. therefore, be no doubt that the preseiue of dissolved salts in 
w'ater materiallv affects tlie time taken To cook the dhtdl. 

In South India it is a eommon practice to add a pinch of sedinin bicarbon- 
ate to the waiter as this is found to materially accelerate the rate of cooking. 
Conscr|Ucntlv the above c.xperiinent wets re])eatcd alter adding a piuclt of this 
substance to the siweral waters. Tlie times taken wei'e then as follow 

Distilled wau-r 
-Joseph's well 
College wt'll 
Dwaraka well 
Knbilindy drain 

It becomes evident, then, that the presence of an alkaline snV-stance m 
the water materially aecclerates the rate of cooking. 

The rate oi co<)l;in<; of dlioll appears to deiieiid upon two faotois, nainrlv, 
the amount and tlie kind of dissolvi'd siihstauees ]iresent. A senes ol experi- 
ments was carried out witli the object of detcrniiniuo the effect of different 
classes of salts upon the rate of cookiiifz. These tests were earned out m 
beakers as described above. The results are given in Table IJ. 





.^OMK FACTOR:^ AFFROTTN’O TfIR COOKING OF DHOLL 


Vrl 


'Pablk it 

Shou'iifg the rale of roof: i eg of dhall in (Jiffereef eolutioes of varying strengths in 

nt Inafrs. 


J^trength of .solution in pfirt? 
por lOO.OcO 

1 1 > 20 

50 



17 



lit! 

i 

24 

NaC’i 


24 

24 

CaCt 

21 

:-^2 

40 

Na., CL\ 

IS 

IS 

10 


One ctu’ioiis result obtained was tlie retarding action at CaCOj suspended 
in distilled water. With amounts e([ual to 1 0. ilO. 50 and 10(1 pa rts per 1 00,000 
the corresponding times were 18. ‘21. 35 and over 86 minutes respec- 
tively. 

These results bear out the conclusion tliat the rate of cooking with neutral 
salts varies with tlie kijid and the amounts used, tlie eiTeot lieing a retardation, 
whereas, in the case of alkaline sa’ts the rat(5 of cooking is accelerated, the 
acceleration increasing with the c<incetttratiom 

The foregoing experiments were (mly ot a preliminary nature and were of 
a rough and ready type, so that they could only be looked upon as givi?ig 
approximate results. Iir order to obtain more accurate data, particularly 
witli reference to the mode ot action of the various salts, some other motliod 
of e.xpcriment was desirable. 

After a number of different procedures bad been tried tlie following was 
selected as giving the most accurate lesults. During the proeess of cooking, 
a c(Mtain amount of disintegration of the dholl takes })lacc residtiiig in the 
soluthni of amylaceous material. The basis of comparison taken in the fol- 
lowing experiments was the amount of aniylaceous matter passing into solution 
when the dholl was boiled with different solutions for a fixed time. In carrying 
out these determinations, 250 c.c. of distilled water or of an aqueous solution 
were introduced into a litre flask closed with a cork through which passed a 



VISWAKATH, LAKSHMA.VA KOW A.\D KAGHlJXATHASVVAill 


153 


reflux condenser. The liquid was raised u> tlui boiling ponit and niahitaincd 
there whilst the condenser served to keep the v(»lunio constant. ^Vllen the 
rate of boiling was quite uniform the e(»i-k was ]jioiiientarily lemoved anti ten 
granuues of dlufli added and tlie boiling contnuied lor sixteen minutes, a period 
(d time which cxpencncc showed was long enough to gi\ e a difterejitiatioji 
between the degrees of cooking witli tlte various .solutions and to give com- 
parable results with duplicates. 

At the eud of this period (In' llask was rapidly cooled and the contents 
were then filtered througli hiu' miishii so as to reint»vi' < lie residual dlinll, lOO 
e.e. of the liltrate were transferrc'd to an Krlennieyer llask, 20 c.c, rd pure IKT 
of sp. gr. brjo were added and h{)iled for (nie lioiii s(» as to liydrolyse the 
amylaceoiLs matter jwesent. As in tlie ])re\ ions case, a rehux (■(►ndenser served 
to maintain the v(}]umo constant. Tlio flask was then rapidly cooho). and after 
making slightly alkaline with cairstie soda 20 e.( . <it' alumina cream were ttiixed 
with the contents. The volume was made uj) to 250 e.e. with distilled water 
and the liquid filtered. The reducing sugar present was dcteiinincd 
volumetrically with Fehling's solution and the result calculated as starch. 

In the same wav by determining the amount (d nitrogen in the re.sidual 
dholl it is possible to estimate the proteid mattei wlikli had passed into solu- 
tion and thus determine the effect of the solutions tm the proteids (d the grain. 
Thus the com])lete series (d determinations for a single experiment can be made 
to cover the following points 

1. Weight of dholl taktoi as dry matter. 

2. Weight of dry matter left after Ixnling. 

3. AVeight (d proteids in (uigiual dholl. 

4. Weight of }U’oteids in dholl after boiling. 

5. Weight of starch passing into solution. 

The diilerencc between 1 and 2 gives the amount v\ dry mattci iv moved 
during the process of boiling and that hetween 2) and I tlie aiiumut ol proteids 
passing into solution, so that it is possible to compare the action (d dillereiit 
salts on both the starch and proteids present. 

The solutions used were td strengths and • 
are given in Tabic 111. 


The re.suits obtained 
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rinT[ioq it H ;; I;. o « •<* 

Aq p3A0iuaj ip.iKlS cioo 66--660 


Aq pOAOto 
•jj joijtjui p! 3 } 0 .iti 


- 00 fC I - ^ — r -4 to <» 

c; 't ift 30 o *« «5 *? - 
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\'q pOAotuaj 
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r 6 ^ 6 o 
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These results bear out the previous conclusion that the rate of cooking 
is affected by the character and the amount of salt present. I'his is clearly 
shown in charts I, II and III where the values obtained are plotted out in 
the form of gi'aphs. 

It will be seen that certain salts retard the rate of cooking as compared 
with distilled water, whereas others cause an acceleration. This effect is 
evidently due to the influcuce the salts exert in modifying the solvent action 
of the water. Those salts which cause retardation are those which decrease 
the solvent action of the wntcr and rice cersd. 

As would be expected on this basis, the general effect of increasing con- 
ceutratiou in the ease of those substances which cause retardation is to increase 
the amount ol retardation, whereas those which bring about an acceleration 
do the reverse. As a general rule, chlorides, sulphates and carbonates cause 
retardation, whereas alkalies and alkaline carbonates bringabout an accelera- 
tion. HCl, curiously ejiough. acts as a retarding agent. The broad conclusion 
to be drawn is that hard waters retard the rate of cooking in proportion to 
the amount of salts they contain and tliat alkaline waters accelerate it. 

Idle mode of action of the substances studied is not, horvever, merely 
due to a solutioji of the dholl substance quite independent of its constitution, 
but is partially due to a selecti\’e solvent action wdth respect to the proteids 
and starch. 

Iffiis is clearly sliown by a comparison oi the relative amounts cf starch 
and proteid w’hich go into solution diming the boiling process. 

Tabli-: IV 


.1 / ■ Starch , ■ 

olmoing 

ill llie s 

olftiions. 

Solutions 1 

1 

N, 101) 

\ 


o-T:; 

ii*8s 

KOM 

" 77 

i-ee 

t’iiHCO- 

0‘U 

t>-8S 

Na^SO, 


i-o:i 

NaCl 

' 1'02 

(j-e? 

MgSO^ . 

i l'U9 

U'ic; 

CaCU . 

l*to 

1-07 

H,0' .. 

1’12 

102 

M-CI, . 

1-14 

I-IO 

llri ' , 


i-ue 


With N 100 strengths water lias a ratio of Mil and this is closely approxi- 
mated only by 'AiAloiiRd .MgCl^* and Xut'l and MgSOi do not vary greatly 
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from this ligure. showing that the soh'eut action in each case lias been of a 
very similar nature. HO, liowever, gives a much higher ratio, showing that 
the action of this substance is to increase the propcition of starch dissolved. 
On the other haiuL KOH and Na;!C 03 have greatly increased the proportion 
of proteid matter going into solution and the same liokls good to a lesser 
degi’ee for CaHCOg and Na 2 S 04 . 

These relations account for the discrepancies shown by iK.'l in (’hart III. 

The fact that the substances which have the greatest effect in accelerating 
the rate of cooking are those which cxoit a proportionately gre^ater solvcjit 
action on the pioteids than on the starch leads to the general conclusion that 
it is the rate at which the proteid goes into solution which is tin* determining 
factor and that substances which greatly accelerate this rate also accelemte 
the rate of cooking and eke versa. This view is strengthened by the fact that 
the substances which retard the rate of cooking most are sub.stanees which 
arc prccipitants for many proteids. 

With tlie weaker strengths of N 2UG the various ratios more nearly ap- 
pioxiinatc to that, of water, so tliat the relationships brmight out above are 
not so marked. Nevertheless, they offer a general sujiport t(> the view- 
ex pressed. 

The conclusions arrived at in this portion of the investigation may be 
summarized as follow m 

1. Dissolved salts, such as are found in natural waters, exert a marked 
influence on the time taken to cook dholl. 

'1. ('alcium and magnesium salts and the clilorides of livilrogeu and 
sodium exert a strong retarding effect, w hereas alkalies and alka- 
line carbonates liave the law'erse action. 

M. WhethcT the action excited by i\\\\ salt is a retardation or an 
acceleration, the effect is approximately projairtiojuif e to the 
concentration, cc., the harder the water, tlie slower is the rate 
of cooking. 

4. That the addition of sodium bicarbonate or sodium carbonate to a 

hard water materially hastens tlie cooking. 

5. The rate of cooking of dholl is approximately piopntionatc to the 

rate (d solution of the dholl substance, /.c., to the lato of solution 
of the protenl and starch. 

(). 'I'hc proportion of proteid to starch dissolved is not e(mstant but 
varies with dillereut solutions. Aikaliwsaiul alkaline carbonates 



157 


VISWAXATH, LAkSHMANA KOW AXD UAGllUNA'rHASWAMl 

dissolve a greater proportion of proteid tiiaii starch as eoiupared 
with pure water wliereas hydrochloric acid dissolves a greater 
proportion of starch. Jn addition, alkalies and alkaline carbonates 
greatly accelerate the rate of cooking. 

7. The rate of solution of tlie proteid appears to be the factor wliicii 
mainly controls the rate of cooking. 


PAKT 11. 

illsCELLANKOGS UBSERVATIOXS KELATINO TO THE CoOKlNG UE DhOEE. 

(ft). The in flue nee oj the fat content. 

In the previous sectioJi tlic iiifiueiice of the various salts oji the rates ol 
solution of the proteid and starch was mainly coirsidered. But there remains 
the possibility that the accelerat(jrs of the type of NaXOs and KOH acl. 
by saponifying the fat of the food stull'. 

In order 1(> tost this point a sample of dholl was extracted for 10 days 
with successive (plant dies of ether. It was then air dried and boiling tests 
with distilled water were made in comparison with untreated dhoil. The 
extraction removed I'l of the fat originally preseid. The results obtained 
were as follow 

Starcli cxtraoteii per liJU grra. of iHioll. 

A B 

Extract eO til a 'll o'S.) (>'50 

L’nextracted dholl trou 

it is evident that the removal of the fat has. if at all, only a very slight 
eifect on the rate of cooking and that this etl’oct is one of rctardntkm. 

It must therefore ho concluded that tiie fat content of dholl plays a very 
unimporttmt part with regard to the rate of cooking. 


(6). The cooking rales of different dhoUs. 

It has been previously meutioued as a matter of common observation 
that dliolls from dill'erciit localities vary considerably in their rates of cooking 
and it was thought desirable to test tliis point by the methods adopted by us. 
.V number of dholls fr<Mn divers(‘ localities wore (d)tained and their several 
rates of cooking were determined by boiling a given weight with distilled water 
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for a fixed period as preATOusly described and esiiinatiiig tlie amount of 
amylaceous matter passing into solution. 

Table V 

Showing ratef> of cooking of me ioua dholh. 



Starch 


Starcli 

Source; 

extracted per 

Source 

extracted per 


lOU grin. 


100 grni. 

Valhuii 

.V5.^ 

. 

Coimbatore ... 

0‘41 

Majavaiain 

! .vy3 

Vi/.ag:ipatani ... 

Il-so 

Karar 

, ; 

Godavari (In- 




tcL’ior) 

B*7:> 

Pauriiti 

i 6'7ii 

: Panruii 

(‘,•07 

Pallapalayam 

• (rhj 

Cocoiiada 

7 '00 

Gulburga, pale .. 

1 7't>0 



Gulburga, reel 

7*17 




The figures bear out the cominoii (»bservation that dihereiit dholls vary 
in their rates of cookii\g. 

The dholls under A were purchased as sucli and no information could be 
obtained with regard Xo the method of their prepaiation. This, as will be seen 
later, has some influence on the rate of cooking and the dillerences noticed are 
possibly partly due t(J differences in treatment as well. The figures under 1> 
refer to dholls prepared from gram with no preliminary treatment. 

(e). Oil the melhodi> of pre pa ring flic diioll fymn (he whole grain. 

The dholl as used for purposes of cooking is usually pret>ared by mixing 
the grain with water and red earth t o a pasty mass and allowing t lie heaped up 
mass to remain in that condition fora certain uumher of hours after whicli it is 
spread out and sun-dried. It is then freed from the rod eaitli, luisked and the 
cotyledons separated, the latter forming tlie dholl. It is commonly believed 
that the duration of this soaking proce.ss is an important factor in determining 
the cooking ipialitics of the dholl and at the saim^ time some impoitance is 
attached to the quality of water used in tjiis process. 

This treatment, no doubt, produces incipient germination and thus 
affects, to some extent, the character of the. constituents and the rate of 
cooking. It is also conccivalhe. in view of our results, that flu‘, <|iialitv of 
the water used would also have .some elfect. Ta test these jioiuts red gram 
as obtained from the Held at the time of harvesting was subjected to the usual 
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treatment with red earth and distilled water for varying periods of time aiid 
the rate of cooking of the products compared with an untreated sample. 
The results obtained are as follow 


Treatment 


Starch extracted per 
lOO grm, 


Untreated h‘71 

Treated for 8 liours . 6'15 

,, 1(1 hours ... (i'lU 

21 hours M‘51 


It is evident that this practice is not justified, for it has led in ail cases to a 
distinct retardation in tlte rate of cooking. 

The effect of salts present in the water wu.s contrasted in a similar iiiaimer 
with the following results : — 



Starch extracted pti 

1 reatmeui 

100 grm. 

Softk&l in dit;til]i'il water ior 


m hours 

1 i)'o9 

Soaked in N.lOu CaU)., solution 



in .>,100 soiunoD | n-o.: 

X/100 Na.jCOj solution j ''''SI 


it is evident that the aeti<m of I'aCh is to retard the rate of 
cooking, whereas Na^h’Oj accelerates it. so that the use of alkaline 
waters or the addition of sodium carbenate lo the water used would 
be beneficial. 

Further soaking in distilled water give.s a materially slower cooking 
product than that given by absolutely untreated dlioll and in fact, a 
sample soaked tor 72 hours only yielded 5-7d grin, starch per 100 grm. 
dholl. This would point to the, conclusion that the soaking of the 
seeds leads U lower the rate of cooking unle.ss in solutions having an 
alkaline reaction. 

In the same way soaking with red earth and X lUO solution 

yielded a product giving 0'yt< gnu. of starch per UKi gim. of seeds as against 
the value id O' JO when only red earth and distilled water were used. 

It may, therefore, be cmicluded that the treatment with red earth bins 
no merit in inducing a quicker rate of cooking unless the water used is of an 
alkaline nature. The use of s^duthm for this pui'iiose can therefore 

be Tccommendod. 

.Vlthough the tvoatiiu'ut «itli r«l fiivtli doi's not iuii>ni\o the i-oukiiij; 
.lualitios of the dholl, yot such a ticaliuoiit ponuits the giaiu to be brokeji and 
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husked easier than eithei’ untreated ^ram or soaked ^naiu and at the game time 
the dholl produced possesses a better colour. From this ]MUnt ((f view this 
peculiar treatment receives justitication. 

The presence of amyiolytic enzymes has bee]t detected both in treated and 
untreated gram and no dmibt tlie activity of those substances has an import- 
ant bearing upon the cooking (qualities of the })ro(bi(‘ts. In the extreme case 
where the gram was soaked for 72 hours very low cooking values were obtained. 
In this case the young sprouts were aiamt an inch long aiul duiii\g the prepara- 
tion of the dholl were broken oil ami lost. The dlioll itself consisted very 
largely of holh,w cotyledons showing that a large proportion of their substance 
had been t vans formed and translocated and the low cooking value of tlie residue 
is, therefore, no doubt, due to a corres}K)nding incioasc in the proportion of 
cellulose and mineral matter. 

The couchisions arrived at in this part of th(‘ ijivestigation may be sum 
juarized as follow ; — 

1. The fat content of dluill plays a very unimportant part- witli 

regard to the rate of cooking. 

2. Dholls of diberent localities have varying rates of cooking. 

3. The practice of treating gram wit It red eartl) and water lias a distinct 

retarding influence on the rate ol coetking when compared with 
the untreated one, yet this treatment is advantageous in that- it 
alloNvs the gram to be broken and liusked easi(T. 

4. Tire use of hard waters a hug with red earth retards the rate of 

cooking of dholl Avhile alkaline w'atcrs accelerate it. so that the 
use of waters which are alkaline hi reaction or the addition of 
sodium carbonate to the wafer used w’ouid be beneficial. 


PART III. 

The Influence of various Salts on the Liqukf.action of Starch. 

In the preceding sections it, has been shown that dib'erent salts exert 
varying ebects upon the rate of solution of the substance of red gram seeds 
and that this is accompanied by a similar variation in the rates of solution of 
the starch and proteid present. It seemed therefore of interest to eieter- 
niiue the iubuence of these salts ii])on the rate of liquefaction of jmre 
starch. 
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Tt is well known that solutions of the caustic alkalies KOH ami NaOH 
convert starch int(( a paste even in the cold and that acids slowlv 
dissolve it. 

Rogardiu" the inHuonce of (citain salts on the conversion of starch into 
paste Payen^ in 1878 observed that cold saturated or half saturated S(hiitions 
of KBr or NaBr convert starch into a paste but that other salts such as KC’l 
have no such effect. Tie furl her slates ‘'starch possesses the propeitv of 
combining with bases. Upon iiiixing together a solution of NaOTT and water 
containing starch suspended in it a transparent colourless jellv is formed 
after a short time wliich is a compound rif NaOIT aiul starch. If this jellv is 
mixed with a 7% aqueous solution of CaClo a double decomposition takes place 
and a thick white insoluble mas.s is ffomed which is a compound of stamh and 
lime, NaCl being in solution. A series of compounds with starch as basis mav 
be similarly formed.’’ 

Later. Asboth^ confirmed these observations and AVolff and Fernbach^ 
showed that carbonates of calcium, magnesium and potassium caused a con- 
siderable increase in tlie viscosity of starch pastes. Fhe latter authors in a 
still later contribution‘s on the influence of some mineral sulistances on the 
liquefaction ()f starch state iliat experiments with starch jneviouslv washed 
until nearly free from calcium aud magnesiuiu show that NH3. Na^COs- 
MgCOa and CaCOg have about au equal effect whilst AloOg is without action. 

None of these observations, liowever. throw any liglit upon the influence 
of many of the salts found in natural warers upon tlie rate of liquefa(‘ti(m 
of starch, and in view of tlie efl’eet of sucli substances upon the rate 
of cooking of dholl it was deemed advisable to make an investigation 
on the subject. 

Rice stareli purchased as pure and pa.ssed through a 100 mcsli ^\oyo was 
used in these experiments. As it was impossible to make comparisons at a 
temperature of lOO'^C. as in the case of dlioll. a tcmpciatnre of 70"C. was 
adopted after a series of prelimijiarv ol)sevvations liad been made. 

All the solutioiis used except that of OaCOa were of ^f\0 concentration. 
In the case of CaC’Og it was added in the solid state to the distilled water in 
such au amount as would have corrosjioudcd to a N /lOstrength if it had been 
actually in a state of solution. 

1 Pa yon. Industrial Cheinislry, 1S7S. 

' /?e;)er/. Anah/l. Chenn'e. 1887, 7, 2!>n. 

(Joinpt, Rend. 1005 , 140 , 1403 -^ 1400 . 

‘-onipi. Rend, 1906, 143,363—305. 
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lu caiTyini^ out those oxiioi nncuts j^rauimc (»f starch rvas addcil to 
oOc.c. n[ the solution tested and the whole maintained at a teinpcvatnrc of 
70°C. in a thermostat for one lionr. l)eing constantly stirred the whole time. 
At the end of this period tlie litpiid was cooled and, if the nature of the solution 
demanded it. made neutral. 15 c.c. of a malt extract were then added and the 
saccharification allowed to proceed for two hours at 30^C. The liquid was then 
made up to 100 c.c. and filtered with kaolin and 50 c.c. of this filtrate was 
hydrolysed with HC). cooled, made faintly alkaline with NaOH and the glucose 
determined with Fehling’s solution. After correcting for the amount of reduC' 
ing material contained in the malt extract, the result was calculated back to 
starch. 

Warth and Darabsett^ have sliown that at 30^C. malt extract- does not 
act on unge latinised starch and this oKseivation is confirmed hy our own 
experiments. The results may then be taken as representing the amount of 
starch liquefied under tlie action of the solution experimented with. 

A number of separate .series of experiments were carried out, each series 
being done under nnifnrni conditions and the average of these is as 
tabulated below 

Table VI 

Showing rate of liqnefaciwn of starch hy (Afferent A^/lfi sohiiions at l{f(\ 


Solution 

FnlasisiunQ hydrate 
Water 

Sodium carbonate 
Calcium carbonate 
Hydrochloric aciiT 
Sodium sulphate 
Magnesium sulphate 
Sodium chloride 
Magnesium chloride 
Calcium chloride 

' Mfi.moirs, Dftpt. Agri. India, 


Cl ' 

/O 

Starcli 

liquefied 

.. fiT’al 

4491 
26' 62 

... : 25 04 

! 23-00 

22*06 
20-40 
19-00 
I 17-14 

... I 13-50 

i 

Cftew. Ser., vol. Ill, no, 5, 
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Chart IV. showing relative liquefaction of Starch 



The results arc plotted out on Chart No. IV. \vhcre it will be seen that 
with the exception of KOIl all the compounds oxpenincnted with give lower 
rates of liquefaction than distilled water. Na 2 S 04 and NaoCO- which were 
found to accelerate the rate td cooking of dholl sliorv a retardation with regard 
to the rate of litpiefaetioir of starch and this fact strengthens considerably the 
conclusion previously advanced, that the elTeet of dissolved substances on the 
rate of solution of the proteid in dholl is the determining fact(n' affecting the 
rate of cooking. Atteutiou, too. has been already drawm to the fact that those 
substances which arc used as precipitauts foi' many proteids are exactly those 
which reduce the rate of cooking. 


COIMBATORK, 
Novemhey, 1915. 
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